BACKGROUND: Undernutrition early in life has been associated with chronic diseases and obesity among adults. Our study tested the hypothesis by examining the association between low stature, a marker of early poor nutrition, with obesity and abdominal fatness among adults. METHODS: A population-based survey was conducted in 1996, among 2040 households, with a non-response rate of 11.2%. Weight, height, waist and hip circumference, and skinfolds were measured at home. RESULTS: Age-adjusted prevalence of body mass index (BMI) greater than 25 kgam 2 was 32% more frequent among adult men, and 60% more frequent among adult women, comparing the ®rst to the fourth quintile of height. A J-shaped curve describes the association between weight and the sum of skinfolds with stature after adjusting for confounding by age, energy intake, physical activity, smoking, age at menarche, and race. The adjusted odds ratio of obesity (BMI b 30 kgam 2 ) for short stature, compared to normal stature, was 1.57 with a 95% con®dence interval (CI) 0.90 ± 2.71 among men and 1.84 with a 95% CI 1.10 ± 3.06 among women. Short stature was associated with the risk of abdominal fatness only among women, with an odds ratio 1.77; 95% CI 1.10 ± 2.83. CONCLUSIONS: Increased risk of obesity and abdominal fatness among women of short stature, a marker for undernutrition early in life, was not explained by racial and socio-economic conditions, energy intake or age at menarche.
Introduction
The existence of critical periods in the development of obesity is a general hypothesis supported by studies in animals and humans. 1 An association of low stature with overweight was shown among Brazilian school children of a low-income community, with stunted children being at high risk of obesity even at low energy intake. 2 These data are consistent with a high obesity rate among young men exposed to famine in utero and in early infancy, as shown in an historical cohort study of 300,000 men exposed to Dutch famine 1 and by the association between stunting and overweight shown in children from Russia, Brazil, South Africa, and China, 3 and in Mexican-American children. 4 In a Jamaican study, the resting metabolic rate of stunted children was lower than age-matched nonstunted children; 5 however a lower lean body mass accounted for this difference. In a recent Brazilian survey a relationship between short stature and overweight was shown for women, but not for men. 6 Stature is an important indicator of long-term nutritional status, since it could be strongly affected by undernutrition, mainly during the ®rst 2 y of life. 7 In Brazil, as well as in most developing countries, stature is highly in¯uenced by nutritional conditions early in life. The stature of Brazilian adolescents increased by approximately 8 cm between 1975 and 1989, but even with this improvement Brazilian adolescents remained about 10 cm shorter than US adolescents. 8 On the other hand, recent data from developed countries have not supported an association between obesity and undernutrition early in life. Adiposity and measures of intra-abdominal fat were not related to height in a study from The Netherlands. 9 In an observational twin study birth weight had an enduring impact on adult height, but not on adult weight relative to height. 10 Although low birth weight has been associated in adults with a greater tendency to store abdominal fat, 11 it has not been associated with obesity later in life in a cohort of American men. 12 For body mass index (BMI) a positive association with birth weight has been shown. 9, 12, 13 In spite of these more recent studies ®nding no association between stature and undernutrition early in life with later obesity, indirect ®ndings do support a relationship. Brown et al, 14 found that short stature was related to fasting plasma glucose and plasma glucose levels 120 min after a glucose load in females. Also, a recent study in rats showed that undernutrition during lactation reduces the ®rst phase of insulin secretion in adulthood, suggesting that disturbances during early critical periods of development may have signi®cant and permanent effects on metabolism. 15 In this study we tested whether short stature, a marker for poor nutrition early in life, would be associated with obesity and abdominal fatness in a population-based sample of Rio de Janeiro, Brazil.
Methods
A survey, representative of the population of Rio de Janeiro, was carried out in 1996 using two-stage probability sampling. In the ®rst stage 60 primary sampling units were selected from all regions of the city. In the second stage, 34 households were sampled from the primary sampling units, totaling 2040 households. The probability of selection of primary sampling units and households was proportional to the population size. Pregnant women were excluded. The non-response rate was 11.2%. Analysis was restricted to individuals between 21 and 60 y of age in order to exclude variations of stature associated with growth and aging, leaving for study 1749 women and 1444 men. Anthropometric measures, collected in a subsequent visit were refused by 183 women and 205 men. In addition, 41 men and 36 women were excluded from analysis due to reported daily energy intake lower than 500 kcal or greater than 5000 kcal.
Height, weight, skinfolds and waist and hip circumference were measured in the households, with the participants wearing light clothes and no shoes. Stature was measured using a platform with an attached measuring bar with precision within 0.1 cm. Skinfolds were measured using a plastic caliper (Sustacal) with a precision of 2 mm. Short stature was de®ned by the ®fth percentile of the US population (women 150 cm and men 162 cm). 16 The cut-off point for the waist ± hip ratio (WHR) was de®ned using hypertension as the outcome. 17 Per capita income was calculated as the preceding month's family income divided by the number of those living on that budget. Smoking was recorded as previous smoker, current smoker and non-smoker.
Energy intake was calculated from a food frequency questionnaire with 78 items and usual portions valid for the Brazilian population. 18 The questionnaire was phrased to get information about the usual food intake.
Measurement of physical activity was based on recall of usual activities including weekly time spent walking to work or school, time and kind of recreational activity and time spent taking care of children up to 3 y. Time spent in each activity was multiplied by activity factors according to the FAOaOMSaUNU recommendation. 19 Prevalence estimates incorporated the sample design and weights with the statistical software SUDAAN, 20 which allowed us to account for clustering by household. Associations between stature and measures of weight and obesity were based on multivariate linear regressions, considering confounding by age, per capita income, smoking status, race, physical activity, intake of energy and fat and age at menarche for women.
Measures of obesity included the sum of triceps and subscapular skinfolds, BMI (weight kgaheight (m) 2 ), and weight. Multivariate linear analyses of the association between stature and obesity included a quadratic term for stature.
Results
The age-adjusted prevalence of overweight (BMI between 25 and 30 kgam 2 ) and obesity (BMI greater than 30 kgam 2 ) increased at the lowest stature quintile, in both sexes (Figure 1) . A BMI greater than 25 kgam 2 was 32% more frequent among adult men, and 60% more frequent among adult women, comparing the ®rst to the fourth quintile. Also, age-adjusted mean BMI, triceps and subscapular skinfold (data not shown) and sum of skinfolds were greater among short stature individuals (Table 1) ; however, for skinfolds among men the difference was not signi®cant. For women, waist ± hip ratio (WHR) greater than 0.80 was more frequent among those with short stature (Table 1 ).
The confounding variables that could explain the associations between stature and overweight are shown in Table 2 . Prevalence of overweight was associated with income and smoking, but was associated with physical activity only among women, and Short stature and obesity R Sichieri et al energy and fat consumption were not associated with overweight. Women with early menarche had a higher prevalence of overweight.
Except for smoking and mean age at menarche, all variables in Table 2 , including energy intake, were associated with stature (data not shown). The multivariate analysis for BMI, weight, WHR and the sum of the skinfolds included all variables thought to be confounders, except fat intake, which may contribute to obesity through energy intake. The adjusted odds ratio of obesity (BMI b 30 kgam 2 ) for short stature compared to normal stature was 1.57 with a 95% con®dence interval (CI) 0.90 ± 2.71, among men, and 1.84 with a 95% CI 1.10 ± 3.06 among women. Short stature was associated with the risk of abdominal fatness only among women, with an odds ratio 1.77; 95% CI 1.10 ± 2.83 (Table 3) .
Because BMI is in¯uenced by body proportions such that shorter-legged individuals have BMI values higher by as much as 5 units, 21 we also analyzed the association between stature and weight and with the sum of skinfolds. The relation of height to weight was modeled over the entire range of height, including a quadratic term (height Â height). The quadratic term was highly signi®cant (P`0.001) both for weight and for the sum of skinfolds. The predicted value of weight from the adjusted model is showed in Figure  2 . Skinfold data are not shown, but the association between height and skinfold was less strong than the association between height and weight or BMI. 
Discussion
The limitations of using BMI as indicator of obesity have been widely recognized, 21 particularly when subjects are of unusual body proportions. Therefore, the association between stature and obesity was tested using the sum of two skinfolds and weight. A J-shaped curve between weight and skinfolds with stature was found. Thus, failure of the BMI as an indicator of obesity could not explain our results. The strong relationship between weight and height limits the use of weight as a measure of obesity. 22 Thus, we tested a curvilinear regression relationship of weight with stature. Finding a highly signi®cant association for the quadratic term for stature favored our hypothesis of increased risk of obesity at lower stature.
The ®nding that the association between height and skinfold was less strong than the association between height and weight or BMI, may be due to a nondifferential misclassi®cation of skinfold measurement. Skinfold thicknesses were measured with a plastic caliper. Although the plastic calipers had been calibrated against an external standard with acceptable agreement, 23 the results are less reliable than weight measurement. Associations between early growth and cardiovascular disease, ®rst shown by Barker, have been found in many studies. 24 For body mass index (BMI), association with birth weight has also been shown, 12, 25, 26 with greater birth weight associated with obesity. A possible bias in these studies is that the adverse environment in utero and during infancy may persist in adult life and maybe this later condition produces the effects attributed to programming. 24 In this study, the association between stature and obesity remained after controlling for many environmental risk factors associated with obesity and even after controlling for age at menarche in females, which is strongly in¯uenced by weight. However, puberty was not a confounding variable, since puberty was not associated with short stature. This ®nding is in accordance with data from a longitudinal study of short children in England, where age at menarche and age at peak height velocity were equal in short and normal adolescents. 27 The use of stature as a marker for early in life nutrition has the advantage of lack of misclassi®cation of stature, which has been a major concern in studies of association of birth weight and chronic diseases. Adult stature is both a marker for early nutrition 28 as well as a marker for maternal stature and maternal nutrition during pregnancy. 24 Having data only on stature did not allow us to determine whether the in utero period had in¯uenced adult weight. Data from rats, undernourished only after birth, suggest that nutrition during the ®rst years of life, independent of in utero nutrition may have a signi®cant in¯uence on obesity. 15 Our data are consistent with recent ®ndings from mildly stunted girls 7 ± 11 y old, living in shantytowns in the city of Sa Äo Paulo, Brazil, who in a 22-month prospective study showed higher susceptibility to increase weight associated with high-fat diets. 29 Data from two Brazilian studies, one in children 3 and one in adults, 6 also showed that short stature was associated with high weight. Central obesity was also observed among women, but not for men. 6 Among Peruvian children, Towbridge et al, 30 found a signi®cantly high weight-for-height; however they suggested that a high weight-for-height was not obesity but greater lean tissue or lean tissue hydration. 30 Adult short stature has been related to glycemia. 6, 14 Litheell et al, 31 also reported that thinness at birth raised insulin concentration in response to a glucose challenge in middle age, increasing the risk of diabetes and hyperinsulinemia. 32 In rats undernourished during lactation a reduction of the ®rst phase of insulin secretion was shown, suggesting that disturbances during early critical periods of development may have complex metabolic changes. If this mechanism happens among humans, it could explain the epidemic of obesity in developing countries, where small increases in food availability have been associated with a large increase in obesity prevalence. 33 The determinants of this association have yet to be identi®ed. Figure 2 Predicted values of weight according to height, based on a multivariate linear regression including height, height Â height, age, age Â age, energy intake, physical activity, smoking and race.
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